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Table 1— Rates of Entry of Drugs In CSF and the Degrees of Ionization of Drugs at pH 7 A 7 



Drug/chemical 



% binding 
to plasma 
protein 



pKa fl 



%. unionized 
^atpH?* . 



Permeability constant 
(Pmin- 1 )±S.E 



5-Sulfosalicylic aciV . 
JV-Methylnicotinamide \ 
5-Nitrosalicylic acid 
Salicylic acid 
Mecamylamine 
Quinine 

Barbital 

Thiopental 

Pentobarbital 

Arninopyrine 

Aniiine 

Sulfaguanidine 
Antipyrine 

N-Acelyl-4-aminoantipyrine 



Dnigsrminly ionized at pH7.A 

' 22 ^ (strong) . 

<10 : (strong) 

42 2.3 

40 3.0 • • 

20 11*2 "* • 

- 76 : 8.4 ; 

Drugs mainly unionized at pH 7 A 

<2 7.5, , . ■ ■ 

75 ' 7.6 

40 8.1 

20 . 5;0 

15 4.6/ 

6 >io.o> "•■' s ' 

8 1.4 

<3 0.5 



0/ 
0 

0.001 
0.004. 
0.016 
9.09 

55 7 
61.3 
83.4 
99.6 

99.8 V 
99:8 
9919 
99.9 



<0 0001 
0.0005 + 6.00006 
0.001 ± 0.0001 
0.006* ±0.0004 
; 0:021 ±0:0016 
V4 0.078 ± 0.0061 

. 0.026 ±0.0022 
, ; 0.50 ±0.051 
0.17 ± 6.014 
0.25 ±0 020 
0.40 ± 0 042 

6.003 ± 0:0002 
0;i2 ± 0:013 ; 

0.012 ± 0:0010 v 



• The dissociation constant of both acids and bases is expressed as the pK^ the negative logarithm of the acidic dissociation constant, 
almost completely undissociated at pH 7.4. 



for all practical purposes, only the un-ionized form is said to 
pass through the membrane. This has become known as the 
principle ofnonionic diffusion: 

this principle is the reason that only the concentrations of 
the un-ionized form of the barbiturates are plotted in Fig 9. 

For the purpose of further illustrating the principle, Table 1 
is provided. 7 In the table,, the permeability constants for 
penetration into the cerebral spinal fluid of rats are higher for 
un-ionized drugs than for ionized Ones. The apparent excep- 
tions — barbital, sulfaguanidine and acetylaminoantipyrine — 



may be explained by the oUpplarity of the uh-ionizeel molecule?. 
^ith barbital, the twp' U^ groups are too small to 

coWensate for the cor^iderable^dipplarity of the unionized 
barbituric acid .i^.a]^Vma^lMe seen that barbital is appre- 
ciably ionized, which 'cohtxibuVesJto the relatively srnall perme? 
ability constant, .Sulfaguarudme an^ acetylarrAinoantipyririe 
are both very polar molecules Mecsunylarrune also might be 
considered anexceptipn, since it shows 'a modest permeabil:' 
ity even though strongly ionized; there is no dipolanty m 
mecamylamine except in the ammo group. * 



Absorption of Drugs 



Absarption 'is the process of movement of a drug frohi the 
site of application into the extracellular compartment of tHje 
body. Inasmuch as there is a great sirriflarity 1 among the 
various membranes that a drug may pass through in order to 
gain access to the extracellular fluid, it might be expected that 
the particular site of application (or route) wouldrnake little 
difference to the successful absorption of the drug: In actual 
fact, it makes a great deal of difference; many factors, other 
than the structure and composition of the membrane, deter- 
mine the ease with which a dnig is absorbed. These factors 



mine the ease with which a drug is absorbed.. These factors is apparent that the i^feMoft ierienm may be a very s^ipgg 
are discussed in the following sections; along with an account tory rneans of admiriis^tion but that rectal 'suppositories jijm 
of the ways that drug formulations may be manipulated to ^e inadequate where : ^i4^^t^6n : md high plasma ley.jp 



alter the ability of a drug to.be absorbed readily. 

Routes of Admihist^ ? ^ 

Drugs may be.administered by mary different routes, The 
various routes include oral, rectal, sublingual or buccal, paren- 
teral, inhalation anil topical: the chPice of atoujte depends 
upon both convenience and necessity 

Oral Route— This is obviously the most convenient route 
for access to the systemic circulation, providing that various 
factors do riot militate against this routed Oral aoMhistxa.- 
tiori does" not always give 'rise -ft sufficiently high plasma 
concentrations to be effective; sbnie drugs areabsorbed unpre- 
dictably or erratically; patients occasionally have art absorp- 
tion-malfunction; Drugs may hot be given by mouth to pa- 
tients with gastrointestinal intolerance or who are in 
preparation for; anesthesia or who have'had gastrointestinal 
surgery. Oral administration also is precluded in coma. : 

Rectal Route^Drugs that ordinarily are administered by 
the oral route usually can be admiriistered by injecti6n or by 
the. alternative lower enteral routep through the anal portal 



irittfthe rectum or lower intestine.* With regatd to the fatt^ 
recidlsupposiiories or retentimen^ 
quite frequently - but their popularity has abated sbmewMj 
6wihg . tp improvements in parenteral preparation 
Nevertheless; they continue to be valid and, sometimes, vetf 
important ways of Mministering a drug, especially irrpecbag. 
rics and geriatrics : In Fig 10 8 the availability of a drug. M 
retention enema majr be compared with that by the mtram 
nous and oral route and rectal suppository admmistratidn ^| 
is apparent that the retention enema may be a very satisfy 
tory means of administration but that rectal supppsitories I j 
be inadequate where !^ high plasma ley. 

are required. \ltoe,,iti^ lea ft(' 
reader to the cpnclusion that a retention 'enema s alwij^V 
give, more prompt and holier blood levejs than t% oral ro 
for converse findings for the same drug have been report^ 
but, rather, to. show that the retention enema niay off 
useful substitute for the pral route , 4 

Sublingual or Buccal Routes art adeqt} 

plasma concentration .eventually may be achievable by, 
oral route', it may rise much top slowly, for use in some si 
tions where a rapid response is desired. Ia such situat^ 
parenteral therapy usually ^indicated. However, the 
tients with angina pectoris may get quite prompt relief frp 
acute attac^kby tthe sitilingual or buccal administratip 
nitroglycerin, . ; so i;1 that parenteral .administration nua| 
avoided. When only -small amounts of drugs are require, 
gain access to the blood, the buccal route may be yery r " 
tory, providing the physicochemical prerequisites for 
tion by this route are present in the drug and dosage ...» 
Only a few drugs may be given successfully by this route.; 

Parenteral Routes-^These routes, by definition, incl 
any route other than the Pral-gastrointestihal (enteral) 
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0.50 



2 ' "■ . 3'; 4; J> 

Time ( After Administration 7 Hr . v ' . 

. Fig 1 0. Blood concentration in ; mg/1 00 mL of the6^hyl|ne; (Ordi- 
nate) following administration to humans of aminophylJineJn the 
amounts and by the routes indicated Doses per 70 kg 
Theophyiline-ethylenediamine by various routes: intrave- 
nous, 0 5g;- -^-.retention enema, 0 5 g : — —.. — oraltablets- 

0.5 g; dml tables-PL, 6.3, 
.(courtesy, Truittef a/, 8 adapted).; ..' . J ' 

but in common medical usage the term excludes topical admin- 
istration and includes only . various,, hypodermic routes. 
Parenteral administratipa the intravenous, intrarrius- 

culatr anli subcui^epus routes. Parenteral routes may be 
employed whenever enteral routes are contraindicated (see 
above) or inadequate. , f " 

Thep^rdvehoti^ route may be preferfed on occasion, even 
iyhen a drug may bedell-absorbed by the ory route. There is 
ho delay imposed by absorption before the adituniiitered drug 
reaches the circulation, and blood levels rise virtually sis rap- 
idly as the time necessary to empty the syringe or infusion 
bottle. Consequently, the intriavenpus route is the preferred 
route when an emergency calls for an immediate response 

In addition to the rapid rise in plasma concentration of drug, 
another advantage of intravenous administration is 
predictability of the peak plasma concentration, which, with 
some drugs, ban be calculated with a fair decree of precision. 
Smaller doses generally are required by the intravenous than 
by other routes, but this usually affords no advantage, inas- 
much as the sterile injectable dosage* form costs more than 
enteric preparations and the requirements for medical or para- 
mfedical supervision of administration also may add to the cost 
and inconvenience; 

Because of the rapidity with which drug enters the circula- 
tion', dangerous side effects to the drug may occur which are 
bften Sot extant by other routes. The principal 'untoward 
effect is a ] depression of cardidvascular function, which is 
often called drug shock. Consequently, some drugs must be 
given quite slowly to avoid vasculotoxic concentrations ' of 
drug in the plasma. Acute, serious, allergic responses also 
are more likely to occur by the intravenous route than by other 
routes. .'• v ' : * • ' •'. • .. t 

; ' Many drugs are too irritant to be given by the oral; intramus- 
cular or subcutaneous route and must, of necessity j be given 
intravenously. However, such drugs also may cause damage 
to the veins (phlebitis) or, if extravasated, cause necrosis 
(slough) around the injection site. Consequently, such irri- 
tant drugs may be diluted in isotonic solutions of saline, 
dextrose or other media and given by slow infusion, providing 
that the slower rate of delivery does hot negate the purpose of 
the administration in emergency situations. . : 
■ Absorption by the intramusctdar route is relatively fast 
'and'this parenteral route may be used where antimmediate 
effect is not required but a prompt effect is desirable. Intra- 
muscular deposition also may be made of certain repository 



preparations, ripid absorption not being desired. : Absorp- 
tion from an intramuscular depot is more predictable and 
uniform than from a subcutaneous site.-, 
I • Irritation around the ir\jectibn site is a frequent accompani- 
ment of intramuscular iryection, depending upon tli^ 
other ingredients: " Because of the dangers of accidental intra- 
venous ir\jeetibny medical supervision generally is required. 
Sterilization is necessary. , J ^ ? ,r . , •,. 

m'sWctUdneoits administration the drug is iry ected intb the 
alveolar connective tissue just below theskiri: Absorption is 
slower than by the ihtraniuscular route but, nevertheless, may 
be prompt with many drugs; Often, however; absorption by 
this rbiite may be no faker than by the oral route. Therefore, 
when a fairjy. prompt response' is desired with some drugs, the 
subcutaneous route may not offer much advantage over the 
r pril route; unless for some reason the drug cannot be given 
orally - v 

the slower rate of absbrptibii by the subcutaneous route is 
usually the reason why the rbiite is chosen, krid the drugs 
given' by this route are usually those in .which it is desired to 
spread the action but oyer a number of hburs,,iri order to £vpid 
either top intense a response, too short a response or frequent 
iiyectiojvs Examples of drugs given by this route are insulin 
and spdiuiri heparin, neither of which is absorbed orally and 
bpthtbf which, should be absorbed slowly byer many hours. 
In the treatment of asthma, epinephrine usually is given subcu- 
taneouslyto avoid the dangers of rapid absorption and conse- 
quent d^ngerqus cardiovasculsu- effects.. JVIany repository 
preparations, .' including ^tablets or* peilets, are Vgiven 
subcutaneousjy. As with other parenteral routes^ irritation 
may occur. Sterile, preparations also are required. 
However, medical supervision is not required always and self- 
administration, b^ this route is customary wiift.certain, drugs, 
such as m^u^in. . : , 7 ; 

Intradermal irgection, in which the drug is iruected into, 
rather than below the dermis, is rarely employed, except in 
certain diagnostic and test procedures, such as screening for 
allergic or local irritant responses. 

Occasionally, even by ? the mtrayen^ is ; not pos- 

sible, practical or safe to achieve plasma concentratioris high 
enough so that an adequate amount of drug penetrates into 
special compartments, such as the cerebrospinal fluid, or 
various cavities, such ais the pleural cavity, the, brain .is 
especially difficult to penetrate with water-soluble drugs. 
The name blood-brain barrier is applied to the impediment 
to penetration. v When drugs do penetrate, the choroid plexus 
often secretes them back into, the ; blood very rapidly, so that 
adequate . levels of drugs in the cerebrospinal fluid may be 
difficult to achieve , Consequentiyjir^ra^cai or intraven- 
tricular ^administration may beinoUcateci. : 

Body cayities such as the pleural ravity normaliy are wetted 
by ^.small amount of effusatq which is in diffusion equilibrium 
with the blood and, hence, is accessible to drugs However, 
infections and Mammations may cause the cavity to fill with 
serofibrinous exudate which is tpo ; large to be in rapid diffu- 
sion equilibrium with the blood. Intracavitary administra- 
tion, thus, may be required. It is- extremely important that 
sterile and nonirritating preparations be used for intrathecal 
or intracavitary adrninistration : > 

Inhalation jtoute^Inhalation may be employed foi- deliv- 
ering gaseous or volatile substances into the systemic circula- 
tion, as .with most general anesthetics. Absorption is virtu 
ally/as rapid as the drug can be delivered into the alveoli of the 
jungs, : since the alveolar and vascular epithelial membranes 
are quite permeable, blood flow is abundant and there is a very 
large/surface for absorption. > r , 
. Aerosols, of nonvolatile substances also may be adminis- 
tered by inhalation, but the route is used infrequently for 
delivery into the systemic circulation because of various' fac- 
tors which contribute to 5 erratic or difficult-to-achieve blood 
levels. Whether or not an aerosol reaches and is retained in 
pulmonary alveoli depends critically upon, particle size. 
Particles greater than 1 urn in diameter tend to settle in the 
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bronchioles and bronchi, whereas particles less than .0.5 m 
SSSSaSS a^d mainly are exhaled, . Aerosols areemployed 
™sth when Spurpose.of administration is an actxoaof the 
rSSrresStory tract itself. An example.of a drug 
SS^en as an Jrosol is isoproterenol, which .s em- 
D S to relax the bronchioles during an asthma attack. 
P TooiMl Koute-- topical administration is employed to 
deUvSTd^nTor immediately beneath, the point of 
S^n Alttvough occasionally enough d^absorbed 
tatfthfsystomiciirctlatip 

tion is iZ erktiefor the topical route to, be used routinely,fpr 
SSuc iSy. However, various transdennal prepara- 
SSofnSSfon and clonidihe are e mployed mute 
if^ivfor^^hricuse. . Some investigations with aprotic 

soivpia vci ^ toDical administration for,, systemic 
fSrAfcgen^ 

to Skin; although topical drugs are also apphed to the eye, 

^S^S^S^^ probably occ^ mainly 
fr^^VsESe^Absorption through the. hair follicles i pc : 

total tegument to be of primary importance. Absorption 
throuS St and sebaceous glands generally .appeajrs to be 

"l lint nf thG nreDaration that is forced into the hair follicles 
Si^ScreSd: Rubbing also M -figg** 
the stratum corneum without, molecular f^persion 
SdUTusion through the barrier. Rattier b«fMda £ 
substances such as sulfur have been d^o^tedt^ 
intact through the stratum corneum. When tiie skin bom 
SSed, the cutaneous barrier may be disrupted or 
dlectife sbttiat percutaneous absorption may be mcreased. 
sfnce much of a drag that is absorbed through the epidermis 
Se^uito tiie cSationwithoutreachmgahigh 
Hon in some portions of the dermis, systemic administration 
S be ^rftd ih Ueu of, or iu addition to, topical adnurus^ 

tration. ' ' ' ' . 



Factors That Affect Absorption 

In addition to the phystebchemical ipPf^^* 
ecules and biological membranes, various factors affect the 
S5 Stiohand determinei m part, the choice of route 

^^SSoa-It ^self-evident that ^concen^ior, 
or more exactly, the thermodynamic activity, of a drag m a 
SrebarationW have an ^^importantbearmg upon the rate 
oTabSion, since the rate of diffusion of a clrag away f rom 
tiie site of administration is directly proportional to the 
conc^tion: Thus, a :2%;sblutionof »^^^ e 
local anesthesia' more rapidly than a O.Z% soiuuon. 
HoWevS S# administered in solid form are riot ateorbed 

miondndiHssobidumRate, below). - - 

Aft er oral administration the concentration of drags in the 
gu*K&bri of the dose, but the relationship 
Srilv linear. ' Drugs with a low aqueous solubility (eg, chgi- 
S) QuiSdy satoate the gastrointestinal fluids, so that the 
rSfateon^ 

KepeS^ 

ente of the gastromtestinal contents assist m increasing the 
S2 of absbrption but arfe in themselves somewhat^erratoc 
^rtiierrtore -many drugs affect the rates of gastric; bihary 
K3mtosSsecre^on,whiChcause^ 
frVmSe^WionsWpbetweehconcentrationanddose, 

DrugXareadi^ 
laSo^iay not always show a direct linear »l*™dup 
tatween the rate of absorption and the concentration of drag 
ta^fabXdsolution; because osmotic effects:may cause 

SutionoSfncentrat^^^^ 

or electrolytes is different from that of the drug;. Whenever 
doST drugs for hypodermic injection are .prepared as iso- 
E slS Some drugs affect the local blood flow.and 



caoillarv permeability, so that at the site of injection there may 
tl i TcSe? relationship of concentration achieved to the 

concentration administered. ni oan i.,Hnn Hate ' 

Physical State of Formulation and D h> 8 °\ utio VT 
The^ateoYaW 

rate at which the drug is made available to the biological fluid 
Xe sTteofalnuulration. The intrinsic physicochemicaJ 
orooerties such as solubihty and the thermodynamics of dis- 
are only some of the factors which affect the rate of 
oStationofad^fromasoUd^ 
n^oXtoeunav^^ 

dfentshi a given formulation but alsodeliberate intervention 
S fSiitati dispersion (eg, comminution, Chapter 83 and 
o^SSn, Chapter 34)orretardtt 
arid slow-release formulations, Chapter 94). The ^ also are 
Ers that affect the rate of delivery from hqwdforms. For 
exSe "drug in a highly viscous vehicle is absorbed more 
sSffromTe^eW^^ . 
K oil-in-water emulsions, the rate depends upon l the : parti- 
tion coefficient. These rnampulations are the subject of bio- 
pharmWdeutics(see.Chapter94). >ltQB w^ ~$ . 

Area of Absorbing Surface-^The area of absorbmg sur- 
faced an topbrtant determinant of the' rate of absorotio* 
Tottie etfenUhat the therapist niust wbrk with the absorbing 
surf^efavailableinthe body, the absorbing surface is not 
sSS to manipulation. However, the extent to which the 
Sting surfaces may be used is subject to-vanation. hi 
tiTserare^tances in which percutaneous absorption is m- 
tendedfor systemic administration, the enUre slon surface is 

^Sequent to subcutaneous or mtramuscular injections, 

thesSTappuckori'maybert 

SSflSfromacom^ 

Alternatively, the dose may be divided into mrttirie -»» 
iniections although this recourse is generally undesirable, 
^SSs for .absorption afforded by the various 

tibriby those routes. ; f The large alveolar surface of Ae lungs 
allows for extremely rapid absorption of gases, v^pors ^d 
properly aerosolized solution?; with some, drugs the rate of 
absorcition may be nearly as fast as mtiavenpus injection. . . hi 

;J absorption because of the smalllumen and highh' deye 

surface , area, so that even, most; weak acids are^ agorbed 
predoririnately irilthe, small mtestine despite a P» P^g* 
factor «ytshouldfevorabsorpttorifromthes^ 

ity SSySisible ^ average drug molecule is on t^ o^r 
of meS'per second, in solution the **M^£Z* 
diffuse away from a- reference point ^ wffi ^e much Jower 
Sons with water and/or other mplecules.^wluch ^cause ? 
random motion, and the forces of attraction between tt»e drug 
and water or other molecules slow the net mean vetoqty. « 
^Se taken to traverser given distance is ^ction^p 
the square of the distance; on the t^^W^tSS 

0 01 second for a net outward movement of 1 ^m, 1 secpna 
torloSlOOsecondfprlOp,m,etc. 
t,W such as skeletal muscle, in.which there may before 
S 100C ^. capmaries/mm^ of cross section, a. drug : molecule 
would not have to travel more than a few microns hence, Jess 
SasSondontheaverage,tore^hacapfflaryf ro map^^^ 

° f SnS^gSesVbiood, din^ionisnotimportant 
to Sort and the rate of blood flow determmes^the 
movement. The velocity of blood flow in a capulary is about 

1 S? which is lOO^times faster than the mean netyelpc- 
SrfdS Tolecules ? 1 mm, away from *g*f*£^ 
The velocitor of blood flow is even faster m the larger vessels. 
oSSS. than a minute is required^ distnbu e^ 
mol&s from the capillaries at the injection site to the rest 
of the body.: . •;>■ 
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?'',The dosage, forms described, in tJ^.phapter may .be pre- 
pared by dissolving the active ingredient(s) in an aqueous or 
nonaqueous .solvent, by suspending the drug (if it is insoluble 
in pharmaceutically or therapeutically acceptable solvents) in 
an appropriate medium or by incorporating the medicinal 
agent into one of the two.phases of arj.oU an$. water. system. 
Such solutions, suspensions t and emulsions are. further de- 
fined in subsequent paragraphs but some, with similar proper- 
ties, are considered elsewhere, ; , These dosage forms are use- 
ful for a number of reasons;: They ; can be formulated for 
different routes of administration: oral use, introduction into 
body cavities or applied externally. The dose easily can be 
adjusted by dilution, and the oral liquid form readily can be 
administered to children or people^ unable to swallow tablets 
or capsules. -Extracts eliminate the need to isolate the drug 
in pure: form, allow several ingredients to be administered 
from a single source (eg, pancreatic extract) and permit the 
preliminary study of drugs from , natural sources. 
Occasionally, solutions of drugs such as potassium chloride 
are used to minimize adverse effects! in the gastrointestinal 

tract. ' v . , 'V . v '■ < 

> The preparation of these dosage forms involves, several 
considerations on the part of the pharmacist: purpose of the 
drug; internal or external use, concentration of the drug, 
selection of the liquid vehicle , physical and chemical stability 
Of the drug, preservation of the preparation and use of appro- 
priate excipients such as Ityufters,' solubUizers, suspending 
agents, emulsifying agents, viscosity controlling agents, col- 
ors and flavors. Oral preparations require that consideration 
be given to improving patient compliance by making an accept- 
able product; consequently, color, odor and taste must be 
considered. These organoleptic factors are described in 
Chapter 80. The viscosity of a product also must be consid- 
ered in, order that it has the proper palatability for an oral 
preparation and to, have the appropriate suspending proper- 
ties if it is an emulsion or suspension. , The theory pert^rining 
to these systems is provided in Chapters 21 and 22. The 
theory of solutions, which involves solubility - ionization; pH 
control through the use of buffers and solubilization, is dis- 
cussed m Chapters 16 and 17. Because of the complexity of 
some manufactured products, compouniiihg may be carried 
out with the aid of linear programming models in order to 
pbt^dn the optimal product. Chapters (87 to 89) should be 
consulted for information on the preparation and characteris- 
tics of those liquid preparations that are intended for ophthal- 
mic or parenteral use. 4 '"' ' ■] ; j '■■ 

Much has been written during the pastf decade about the 
biopharmaceutical properties of, in particular, the solid dos- 
agejfbrms. In assessing the bioavailability of drugs in tablets 
and capsules, many researchers first have studied the absorp- 
tion of drugs adniinistered in solution.... Since .drugs are ab- 
sorbed -in their dissolved state,, frequently it is found that the 
absorption rate of oral dosage forms decreases in the follow- 
ing order: aqueous solution > aqueous suspension > tablet 
or capsule. The bioavailability of a medicament, for oral 
ingestion and absorption, should be such tliafeventnaallv all of 
the drugis absorbed as it passes thrdu^ 'tfie gastrointestinal 
tract, regardless of the dosage form Some formulation fac° 



tors which may influence the bioavailability and pharmacoki- 
netics of drugs in solution include concentration of the drug, 
volume of .liquid administered, : pH, buffer capacity arid 
viscosity. Emulsions and suspensions are more complex sys- 
tems and consequently the extent of absorption and pharma- 
cokinetic parameters may be affected by a number of addi- 
tional formulation factors such as surfactants, type of viscosity 
agent, particle size and particle-size distribution, polymor- 
phism; and solubility of drug in the oil phase. . Specific ex- 
amples are provided in . Chapter 19. There are a number of 
reasons for formulating drugs in forms in which the drug is not 
in the molecular state. These are improved stability?) im- 
proved taste; low water solubility, palatability and ease of 
administration. « It becomes apparent, then, that each dosage 
form will have advantages and disadvantages. 
1 . Liquid preparations: may be dispensed in one of three ways. 
The pharmacist may dispenser the product >in its original con- 
tainer, buy the product in bulk and repackage it at the time 
a prescription is presented by the patient or compound 
the solution, suspension or emulsion in the dispensary. 
Compounding may involve nothing more than mixing mar- 
keted products in the manner indicated on the prescription or, 
in specific instances, may require the incorporation of active 
ingredients in a logical and pharmaceutically acceptable man- 
ner into the aqueous;or nonaqueous solvents which will form 
the bulk of the product.. 

.The pharmacist, in the: first mstance, depends pn the phar- 
maceutical manufacturer to produce a product that is, effec- 
tive, elegant and stable when stored under reasonably adverse 
conditions; ^lost manufacturers attempt fa. guarantee effi- 
cacy by evaluating their products in a scientifically acceptable 
manner but„in some instances, suqh efficacy is relative. For 
example, cough mixtures marketed by two cUfferent-manufac- 
turers may contain the same active mgredientsand it becomes 
.difficult to assess the relative merits of the two products... In 
such instances the. commercial advantage gained by one over 
the other may be based on product acceptability, and prefer- 
ence which includes such factors as color, odor,.taste, pourabil- 
ity j uruformity and packaging., Two additional important fac- 
tors which must; be considered in formulations are the stability 
of active and other mgredlen^ of micro- 

bial contamination. , . : > ■ • , , . 

. The stability of the active ingredient in the final product is of 
prime concern to the formulator. In general, drug sub- 
stances are less stable in aqueous media than in the solid 
dosage form arid it 'is important; therefore, to properly stabi- 
lize and preserve, in particular those solutions, suspensions 
and emulsions^ that contain water. Certain simple chemical 
reactions can occur in these products. , These may ihyblye an 
ingrecUent-ingredient interaction which implies a poor formu- 
lation, a contamerTproduct interaction which may alter proqV 
uct pH and thus, for pH-sensitive ingredients, be responsible 
for the subsequent formation of precipitates or a direct reac- 
tion with water, ie, hydrolysis: The stability of pharmaceuti- 
cal products is discussed'm Chapter 38- :> 

The more complicated reactions usually involve oxygen. 
Vitamins, essential oils and almost all fats and oils* can be 
oxidized. Formulatprs usually use the word avtoxidxtticm 
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when the ingredient(s) in the product react with oxygen but 
without drastic external interference. Such reactions first 
must be initiated by heat, light (including ultraviolet radiant 
energy), peroxides or other labile compounds or heavy metals 
such as copper or iron. This initiation step- resulte lh^the 
formation of a free radical (R*) which then reacts with oxygen. 



Finally, consumer use may resi 




R* + 0 2 -> R0 2 * (peroxy radical) 
RQ 2 * + RH ROOH + R* 

The free radical thus is regenerated and reacts with more 
oxygen. This propagation step is followed by the tenriina- 
tion reactions. 

R0 2 * + R0 2 * -* inactive product 
R0 2 * + R* inactive product 
, h ' R* + R*Wmactive product ' '■ „ 

The effect of trace metals can be minimized by using citric acid 
or EDTA^ ie, sequestering agents. / Antioxidants, however, 
may retard^or^delay oxidatiomby reacting with the free radi- 
cals formed in the product > {Examples of antioxidants are the 
propyl, octyl and -dodecyi esters, of gallic acid, butylated hy- 
droxyanisole ; (BHA) and the tocopherols or vitamin E. , For a 
more detailed approach to the prevention of oxidative deterio- 
ration in pharmaceuticals, the information provided by Gon- 
Jiorset al 1 should bexonsulted. ; vA description of many anti- 
oxidants is given in Chapter 80., <" ■ ■■ .v » 
o The problem: 6f drug stability has been well-defined by 
pharmaceutical scientists j but during the past few years a 
secondary and, in some respects;; more serious problem has 
confronted the manufacturer of liquid preparations. Such 
pharmaceutically diverse products as baby lotions and milk?6f 
magnesia have been] recalled^ from the market because^ of 
microbial contamination. In a survey of retail packages of 
liquid antacid preparations containing magnesium hydroxide, 
it was found that 30.5% of the finished'bottles were contami- 
nated^with Piewfaymxmj& The -aerobic plate 

count rangedifroitt less than- 100 to 9;300,00O orgahisms/g. 
Kurap' and'Wa^?'describe-many preparations "that are; not 
preserved adequately and thus are not able to resist microbial 
contamination. Other examples could be cited but the range 
of Mcrborgariisms which can cohtammate the Uqmd-prepara- 
tioh includes the Salmonella sp, E cbli, certain Pseudomo- 
rias spy mdudmg P a^rw^inosa, end Staphylococcus aureus. 
Bruch 3 describes the types of microorganisms found in- vari- 
ous products arid attempts to evaluate 'the hazards associated 
with the use of nOnsterile phamace^uticals. ;( Gbates 4 ih : a 
series of papers describes various interactions which must be 
considered when jpre^erVatives are selected. : < ' ■ "* 

The USP recommends that certairii classes of products be 
tested for ^^'nicrbbial ec^t and for specified indicatdr micro- 
bM contaminate, eg; natural plant, animal arid sbme mineral 
products, for freedom from SalinondUd sp; oral solutibris arid 
suspensions, for freedom from'tf coli; articles applied topi- 
callyi for freedom from P derugvnosa and S aureus and 
articles for rectal, urethral or vagirial acUiunlsfration] for yeasts 
andmolds. 7 ;^ , 

Products may 1 become contaminated for a number Of rea- 



sons. 

The raw materials used in the manufacture of solutions, suspensions and 
emulsions are excellent growth media for bacteria. Water, in particular, 
must be handled with care but substances such as gums, dispersing agents, 
surfactants, sugars and flavors can be the carriers of bacteria which 
ultiii^V^onlamiiiate'the product . . . V ' 

' Equipment v Bacteriagrowwellm^ 

tical equipment (arid in the simple 5 equipment used in the dispensary). 
'Such equipment should be cleaned thoroughly priori use; ; ; ; 

. Environment and personnel cancontribute to product-contamination. 
Hands and hair are the most important carriers of contanunants, . ■ -General 
cleanliness thus is vital. Head coverings must J* used by those involved 
in the manufacturing process, and ; face inasks.shpuld.be used by. those 
individuals;, suffering'^ hay.teve^ and other allergic 

maiutestations.. . . . ,\ '.,r... s '•:< 

' Packaging should be selected so that It will not cohtanunate the {jroduct 
and also will protect it from the environment. 



miriutuze! ^:iconti^atiorij and^th,e ; ;m^uf acturer> shoufd^ ; 
sure, through the use of suitable challenge tests, that thW 
product is preserved appropriately and will reduce a sever? 1 ;-.; 
microbial challenge. it\"* 
Most factors cited above relate to good manufacturing > v 
practice. However, the formulator should add a preserva^l v,; 
to the product and decrease the probability of ,pro<^f^? 
contamination. If the product contains water, .which is aji 
important requirement for microbial growth, it almost is mater 
datory to include a preservative in the formulation. Nearly, ' 
all products described in this chapter contain water and, thus> 
with certain exceptions, eg, aqueous acids, will support micrr> 
bialgrbwth: ' Microbes wilTgrbW ih'ari i aqueous solution; arid 
in the aqueous phase bf multiphase systems-such as emiu^itftis . 
and suspensions. It must be stressed that the addition of a^ • 
appropriate preservative in no way replaces good manufacftiflj- 
ing practice biit merely provides further assurance to 
product will r etain its pharmaceutically acceptable 'Character- 
istics until it is used by the patient and for sometime thereaf- 
ter; - r'< i 'K'''y< : >n# : ^ : '-" r '• "Mil 
The major ^ criteria that should be "considered in selectingia 
preservative are as follows: it should be effective against'a 
wide spectrum of microorganisms, stable for its shelFIife, 
nontoxic, nonsensitizing, compatible with the ingredients^ 
the dosage form inexpensive and essentially relatively free of 
taste and x>dor; o " ■ '■■ v • ? f o ■r--n-Jj:.lk 
r In addition to the above discussion, there are a number pf 
specific factors which should be taken into account ' when fa 
preservative is selected: , .> *y : C: ^ - yoT! 

1 The sife of use, eg, external, internal or ophthalmic " ' ) K 

2 The pH of the Uqiiid. as it may affect both the ionization of the 
preservative ahd its stab • • ; > » 

3. The solvent, as this will affect the solubiUty of the preservative. * - 

4 . Partitioning into the bU phased of an emulsion, thereby reducing the 
concentration in the aqueous phase Where preservative action takes place. 
•: 5 . Adsorption onto the solid phase of : a suspension, ^ereby L reductog 
the concentration in the aqueous ; phase. f s j . ? 

6, Processing and packaging variables such as heat, order of additi<gi 
of the ingredients, sUmng or container materials - q 

7; , > Type of dosage fdrm, eg, solution, emuision or. suspension. ; 5 

Preservatives^^ may be grouped into a number of classes 
depending upon their molecular structure and only a fewjtfiH 
be discussed. The reader should consult ChapterBO or^se- 
lectedtextemthebibUographyforfurtiierdesc^^ o:» 

Alcohols— Ethanol is useful as a preservative when it is used as a 
solvent, however- it^oes need a relatively high concentration, somewhat 
greater than lOW/to be effective. - :Too high a concentration m^y're§ul^n 
incompatibilities in suspension and emulsion systems; Propylene glycol 
also is used as ^ solvent in oral solutions; and topical preparations, and it 
can function as a pr§seryaSve in the range/of- 15 to. 30%:-. • ;It is not yplatHe 
like ethanol.and is used frequentiy not only in solutions but also.in suspen- 
sions arid e^uisions^ -.Other alcohols used in lower contentions, abput 
l%j for preservative action, include chlorobutanol and phenylethyl alco; 

Acids— Benzoic" acid has a low solubility in water, about 0 3496 at 
2 5°: : The concentration range used for inhibitory action varies Th^m 0.1% 
to 0^%. Only the honionized form is effective and therefore iteuse'is 
restricted to preparations with a pH below 4.5. Sprbic acid also has a tow 
solubility in water, 0.3% at 30°. Suitable concentrations for preseryatav? 
action are in the range .of Q.05 to 2%. . Its preservative action is due : t9,tne 
nonionized form;| consequently, it', is only effective . in acid medja. 
pecause of the double bond in its structure, it' is subject to oxidation, g,; 
" Esters— Parabens are esters of p hydroxybenzoic acid and mcliide we 
methyi; ethyl, propyl and butyl derivatives The ; solubility in water de; 
creases as the molecular weight increases firom 0.25% for th^ methyl 
to 0.0296 for the butyl ester. These compounds are used widely in pwtf- 
maceuticaliproducts and are effective and stable over a pH range of 4 to^. 
JTheyare employed at concentrations up to about Q.2%. : ,.Frequehtfy,JWP 
esters are used in combination in the same, preparation; This. acWeves,a 
higher total concentration, and the mixture tends to be. active againf^ 
wider range of microorganisms., T^eir activity is reduced in th^preseW 
of hbnioriic'surface active agents due. to binding. In alkaline so^P^ 
ionization takes place and this' reduces their activity;' in addition, hydro- 
lytic decomposition of the ester group occurs with a loss of activity. 
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^teni^/^M^ 0 ^™^ 0 ™^ 0 ^^^^ 611 ^ 0 ^™ chloride is a 
f re consisting principally of the hoinologs C l2 H 2 5 and.Ci 4 H 2 ^ v ' .This 
^servatiye is' used at a^relatively iowrconcentTa^ion, Q;002 to. 0,02% 
Riding on the nature of the pharmaceutical, product.' This' '$ajss of 
^pounds has an optimal activity over the pH range of 4 to 10 arid is quite 
t le at room temperature! Because of the catiohic nature of this type Of 
jjjfeervative,' it is incompatible with many' anionic compounds such as 
, Jftfactahts and can bind to nonionic surfactants, it is used generally in 
i^parations for external use or those solutions which come in contact 
[jjrtfr niucous^membraries. . ,• , . r > ■■, . . ■; - f 

$ r l£ now should be obvious that when the pharmacist dis- 
penses or compounds thevarious liquid preparations respon- 
sibility is assumed along, with the manufacturer, for the main- 
• •glance of prftduct stability. The USP includes a section on 
Ability considerations in dispensing, which should be stud- 
ied in detail!,. Certain points are. self-evident. Stpck should 
be rotated and replaced if expiration dates pn the label so 
..iridicate. Products should be stored in the manner indicated 
jn-the compenoUum; eg,7.in a cool place or a tight, light- 
: Jeslslant container. Further, products should be checked for 
evidence of Instability. t $Vith respectto solutions, elixirs and 
syrups, color change, precipitation and evidence of microbial 
ror;Chemical gas formation are major signs \of ^stability, 
pulsions, may; cream but if they break (ie^ there isasepara- 



tion of an oil phase) the product is considered to be unstable. 
Sedimentation and caking are primary indications of instabil- 
ity in suspensions. The presence of large particles may mean 
that excessive crystal growth has occurred. 
, The USP states that 'if theproduct must be repackaged, care 
and the container specified by the compendium must be used. 
For. example, a suitably opaque plastic container should be 
used if a light-resistant container is specified. If a product is 
diluted, or r where: two products .are mixed, the pharmacist 
should use his or her knowledge to guard against incompatibil- 
ity and instability. Oral antibiotic preparations constituted 
into liquid form should never be 'mixed with other -products. 
If the chemical stability of extemporaneously prepared liquid 
preparations is unknown, their use should be rninimized and 
every care ! taken to insure that product characteristics will riot 
change during the tithe it must be used by the patient. 

Because of the number of excipients and additives in these 
preparations, it is recommended that all the ingredients be 
listed on the container to reduce the risks which confront 
hypersensitive patients when these products are administered. 
Finally, the pharmacist should inform the patient regarding 
the i appropriate use of the product, the proper storage condi- 
tions and the time 7 after which it-should 
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solution ii a homogeneous mixture that is prepared by 
-dissolving a solid; liquid or gas m another liquid and repre- 
sents a group of preparations in which the molecules of the 
solute or dissolved substance are dispersed among those of 
the solvent. Solutions also may be classified on the basis of 
physical or chemical properties, method of preparation, use, 
physical state, number of ingredients and particle size. The 
narrower definition in this subsection limits the solvent to 
-prater and excludes those preparations that are sweet, and/ or 
viscid in character and nonaqueous solutions. This section 
incfudesj therefore, those pha^ forms that are des- 

ignated as Water, Aromatic Waters, Aqueous Acids, Solu- 
tions, Douches, Enemas, Gargles, Mouthwashes, Juices, 
ftasal Solutions, Otic Solutions and Irrigation Solutionis. ; . , 

Water / 

The major ingredient in most of the dosage forms described 
herein is water. It is'used both as a vehicle and as a solvent 
for the desired flavoring or medicinal ingredients. Its taste- 
fessness, freedom frorri irritating qualities and lack of pharma- 
cological activity make it ideal for siich purposes. There is, 
However, a tendency to assume that its purity is constant and 
that it can be stored, handled and used with a minimum of 
care. While it.te true that municipal supplies must comply 
with Environmental Protection Agency (EPA) regulations (or 
Comparable regulations in other c&uritn^)f dnnkirij;- water 
rhust be repurified before it can be used in pharmaceuticals. 
For further iitformation on water, see Chapter 23. 

Five of the six solvent waters described in the USP are used 
in the preparation of parenterals, irrigations or inhalations. 
Purified Water must be used for all other pharmaceutical 
operations, dosage forms and, as needed, in all USP tests and 
assays. It must meet rigid specifications for chemical purity. 
Such water may be prepared by distillation, by usg 'of ion- 
exchange resins or by reverse osmosis: 1 ' :?; ! 

A wide Variety of commercially available stills are used to 
produce distilled water. The' end use of the product dictates 
the size of the still arid extent of pretreatmertt of the drinking 
water-introduced into the system. A description of stills is 
provided in Chapter 87. : ^ Such water maybe sterile provided 
the condenser is sterile, but to : be called "sterile it rhust be 
subjected to a satisfactory sterilization process. However, it 



has been shown that P. aertugin^sd imd other microorgan- 
isms), can grpw in the distilled water produced; in hospitals. 
The implications of this, are obvious. Sterile water may be 
sterile at the time of production but may lose this characteris- 
tic if it is stored improperly, Hickman et at, 7 by regrouping 
the components of conventionale distillation equipment , have 
described a method for the continuous supply of sterile, ultra- 
pure water. Quality-control procedures for momtorrng the 
•rrucrbbiological quality of Water should be performed in the 
pharmaceutical manufacturer's production facilities. 

The major impurities in water are calcium, ir6n, magne- 
sium, manganese, silica and sodium: The cations usually are 
combined Willi the bicarbonate, sulfate or chloride anions. 
"Hard" waterfe are those that contain calcium and magnesium 
catioris. ; BicarbohSLtes are tiie major impurity in "alkaline' ' 
waters J. 

Ion-exchange (deionization, demoralization) processes 
will remove most of the . major rmpimtiesi.in w^er .efficiently 
and economically. A cation exchanger, H 2 R, first converts 
bicarbonates, sulfates and chlorides to their respective acids, 

eg, , "' '•• n . •' : /' i • • 



CaS0 4 
MgS0 4 
NagSO^ 
Ca(HC0 3 ) 2 
Mg(HC0 3 ) 2 
2NaHC0 3 ; 



Ca 

+ HoR^Mg 



R + H 2 S0 4 



+ H 2 R 



Nf2 
■ : Ca 
-*Mg 
N.a2 



R + 2H 2 C0 3 



Carbonic acid, decomposes to; carbon dioxide (which is re- 
moved by aeration in the decarbbnator) and water; 

The anion exchanger may contam either a weaMy basic or a 
strongly basic anion resin. These adsorb sulfuric, hydrochlo- 
ric and nitric acids. Chemical reactions^jmay involve com- 
plete adsorption or an exchange with some other anion. 

, , . t H 2 S0 4 + A^A-H 2 S0 4 v . "\ 

If theresmcontams ahyo^xyl group, water is formed dining 
the purification process. 

H 2 S0 4 + 2AOH -» A 2 S0 4 + 2H 2 0 
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The distinctive characteristics of parenteral (Gk, para en- 
teron, beside the intestine) dosage forms of drugs will be 
discussed in this chapter. These dosage forms differ from all 
other drug dosage forms because of the unique requirements 
imposed because they are iryected directly into body tissue 
through the primary protective system of the human body, the 
skin and mucous membranes. Therefore, they must be excep- 
tionally pure and free from physical, chemical and biological 
contaminants. These requirements place a heavy responsi- 
bility on the pharmaceutical industry to practice good manu- 
facturing practices (GMPs) in the manufacture of parenteral dos- 
age forms and upon pharmacists to practice good aseptic practices 
(GAPs) in dispensing them for admmistration to patients. 

Many of the newer drugs, particularly these derived from 
the new developments in biotechnology, can only be given 
parenterally because they are inactivated in the gastrointesti- 
nal tract, when given by mouth. Further, the potency and 
specificity of many of these drugs requires strict control of 
their administration to the patient. A parenteral route of 
administration meets both of these critical requirements. 

This chapter will begin with a brief review of the historical 
events contributing to the development of this distinctive 
dosage form. Consideration will then be given to some of the 
distinguishing characteristics of these dosage forms and how 
they are admmistered to patients. The majority of the remain- 
der of the chapter will discuss the various factors required for 
the preparation of a pure, safe and effective parenteral product. 

History 1 

One of the most significant events in the beginnings of 
parenteral therapy was the first recorded injection of drugs 
into the veins of living animals, in about 1 657, by the architect 
Sir Christopher Wren. From such a very crude beginning, 
the technique for intravenous injection and knowledge of the 
implications therefore developed slowly during the next cen- 
tury and a half. In 1855 Dr Alexander Wood of Edinburgh 
described what was probably the first subcutaneous injection 
of drugs for therapeutic purposes using a true hypodermic 
syringe. 

The latter half of the 19th century brought increasing con- 
cern for safety in the administration of parenteral solutions, 
largely because of the work of Robert Koch and Luis Pasteur. 
While Charles Chamberland was developing both hot-air and 
steam sterilization techniques and the first bacteria-retaining 
filter (made of unglazed porcelain), Stanislaus Limousin was 
developing a suitable container, the all-glass ampul. In the 
middle 1920s Dr Florence Seibert provided proof that the 
disturbing chills and fever which often followed the intrave- 
nous injection of drugs was caused by potent products of 
microbial growth, pyrogens, which could be eliminated from 
water by distillation and from glassware by heating at elevated 
temperatures. 

Of the technical developments that have contributed to the 
high quality standards currently achievable in the preparation 
of parenteral dosage forms, the two that have probably contrib- 



uted most are the development of HEPA-filtered laminar air- 
flow and the development of membrane microfiltration for 
solutions. The former made it possible to achieve ultraclean 
environmental conditions for processing from solutions by 
filtration both viable and nonviable particles of microbial size 
and smaller. However, many other developments in recent 
years have produced an impressive advance in the technology 
associated with the safe and reliable preparation of parenteral 
dosage forms. The following list identifies a few of the events 
which have contributed to that development. 

1926 — Parenterals were accepted for inclusion in the fifth edition of the 
National Formulary. 

1933 — The practical application of freeze-drying to clinical materials 
was accomplished by a team of scientists at the University of Pennsylvania. 

1938 — The Food, Drug and Cosmetic Act was passed by Congress, 
establishing the Food and Drug Administration (FDA). 

1944-^The sterilant ethylene oxide was discovered. 

1946 — The Parenteral Drug Association was organized. 

1961 — The concept of laminar airflow was developed by WJ Whitfield 

1962 — -The FDA was authorized by Congress to establish current good 
manufacturing practice (CGMP or GMP) regulations. ' ■; 

1965 — Total parenteral nutrition (TPN) was developed by SJ Dudricl' 

1972 — The Limulus Amebocyte Lysate test for pyrogens in parenteral 
products was developed by JF Cooper. ; ' 

1974 — The concept of validation of processes used in the manufacture 
of parenteral products was introduced by the FDA. 

1977 — The principles for clean-in-place (CIP) and steam-in-place (SI?) 
were introduced. 

Early 1980s — Home Health Care emerged as an alternative for patients 
whose health status permitted release from a hospital to care in the home 
environment. 

1982 — Insulin, derived through the new discipline of biotechnology, 
ushered in the drug class of polypeptides with their inherent stability 
challenges for parenteral dosage-form development. 

1987 — Parametric release was accepted by the FDA for selected prod- 
ucts terminally sterilized by a validated heat process. 5 :i 
The FDA published Guideline on Sterile Products Produced by 
Aseptic Processing, one of several nonregulatory publications to help 
industry know what the FDA considers to be acceptable. 

Late 1980s--The development of computer capabilities has led to the 
automation of many process operations and to a revolution in documents? 
tion and recordkeeping. * i; 

1991 — The FDA proposed requiring manufacturers to use a terminal 
sterilization process when preparing a sterile drug product unless such a 
process adversely affects the drug product. 

Administration 

Injections may be classified in six general categories: 

1. Solutions ready for injection. 

2 . Dry, soluble products ready.to be combined with a solvent just prior 
to use. 

3. Suspensions ready for injection. 

4. Dry, insoluble products ready to be combined with a vehicle just • 
prior to use. 

5. Emulsions. ,.^r ■ 

6 . Liquid concentrates ready for dilution prior to adrninistration. ' v 

These injections may be administered by such routes as^ 
intravenous, subcutaneous, intradermal, intramuscular, intra : . 
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articular, and intrathecal; The nature of the. product will de- 
termine the particular route of administration that may be 
^employed., : Conversely, .the desired route of. administration 
will place requirements on .the formulatipn; - ■ Fpr example, 
suspensions would not be administered (Urectly into the blood 
stream because of ?1he. danger, of insoluble* particles |>lo ( cking 
x^piUanc^s v Solutions to be administered subcutaneousiy re 
quire strict attention to tonicity, adjustment, otherwise ifnta- 
^tion of %e rjlentin^l supply of ne^ve ending in this anatomical 
area would, give rise to pronounced pain injections intended 
for intraocular, intraspinal, mtracisternal and intrathecal ad- 
ministration require the highest puhty standards because of 
the sensitivity df tissues encountered to irritant and toxic 
substances > J J , 0 

When Compared with other dosage forms, injections' pos- 
sess select advantages. If immediate physiological actibriis 
needed from a drug, it usually can be provided by the intrave- 
nous injection of an aqueous solution. Modification of the 
formulation or another route of injection can be. used to slow 
the onset and prolong the action of the drug,!lc<Thfe therapeu-. 
tic response of a drug is controlled more readily by parenteral 
administration since the irregularities of intestinal absorption 
arie circumvehted. ; Also], since the 'drug normally is admmis- 
teredby a professiortally trained person, it conficlehUy may be 
expected that the dose was actually - ancf accurately 
administered. Drugs can be administered parenterally when 
they cannpt be given orally because of the unconscious or 
uncooperative state of the patient, or because of ihactivation 
or lack of absorption in the intestinal tract. Among the disad- 
vantages of this dosage form are the requirement of asepsis at 
administration, the risk of tissue toxicity from loCal irritation, 
the real or psychological pam factor and the difficulty in 
correcting an error/should one be made In the fatter situa- 
tion, imless a direct pharmacological antagonist is ^ immedi- 
ately available, correction of an error may be impossible 
One other disadvantage is that daily or frequ^hi a3ministra- 
tionpbsc^s difficulties,' either for 'the patient fo . visit a profession; 
ally trained person or to learn to inject oheseif: However, the 
advent of lidme health care as art ^tentative to extended 
institutional care Has mandated the' development of programs 
for training lay persons to administer these ddsage forms 

Parenteral Combinations 

During the administration ' of large-volume parenterals 
(LVPs), such as 1000-mL of 0.9% J sodium chloride solution, it 
is common practice for a physician to order the addition of a 
smaU-vpiiime therapeutic parenteral (SVP), such as an antibi- 
otic, to .avoid th§ cUscpirrfbrt for, the patient, of a 'separate 
injection. Whtte r the pharmacist is the most cjuaMed healtti 
professional to be responsible to prepare such combinatipris; 
a£ls clearly stated in the HOspijtel Accreditation Mjanual' of the 
Joint Commission on Accreditation of Healthcare Qrgaruza-) 
tions, 2 interactions among the combined produces can be 
troublesome even for the pharmacist In f act, incompatibili- 
ties can occur and cause mactivation ofpne or more ingredi- 
ents or other undesired reactions. In some m^Wice&ihcom- 
patibilities are visible as precipitation or cOlor change; but in 
other instances there may be no visible effect. * - 

The many potential combiriatiOris present a complex situa- 
tion' even for the pharmacist To aid in making decisions 
concerning potential problems, a valuable compilation of rel- 
evant data has been assembled by Trissel, 3 and is regularly 
updated. Further, .the, advent of computerized data storage 
and retrieval? systems hasy provided af means, to organize and 
gain rapid access to such information. < Further information 
on this subjed; may be found in Chapter 88. » ^ 

As studies have been undertaken and more information has 
been gained, it has- been shown that knowledge of variable 
factors such as pH'knd the ionic character of the actiye con- 
stituents aids substantially in understanding and predicting 
potential incompatibilities Kinetic studies of reaction rates 
may be used to describe or predict the extent of degradation. 
Ultimately, a: thorough study should be undertaken of ■ each 



therapeutic agent in combination with other drugs and IV 
fluids, not only of. generic but; of commercial preparations, 
from the physical, chemical and therapeutic aspects. . ; 

Ideally, no. parenteral combination should be administered 
unless it has been studied thoroughly to determine its.effect on 
the therapeutic value and the safety of the combination. 
However, such an ideal situation may not exist. Nevertheless, it 
is ; the responsibility 'of the 1 'pharmacist to be a£ familiar as 
possible with the physical, chemical 'arid therapeutic aspects 
of parenteral combinations and to exercise the best possible 
judgment as to whether or not the specific combination extem- 
poraneously prescribed is suitable for use in a patient . 



General Considerations V" 

An inherent requirement for parenteral preparations is that 
they be of the very best quality and provide the maximum 
.safety .for^e pa^nt. Therefore, whether they are prepared 
" from cOminefdaliy'available sterile components, as is usually 
the case in hospital pharmacies and similar sites, or from 
nonsterile ingredients in a manufacturing mode, a$ is the case 
m ,the,phannaceutical industry^ the ^persons responsible for 
their preparation must apply their skills intelligently and 
diligently. Rurther, ; the possession and application of high 
mOral and professional ethics/on the parfciof the persons 
responsible is . the in^edient most vital to achieving the de- 
sired quality in the products prepared, * ■ 

The preparation of parenteral products from sterile compo- 
nents in pharmacies of hospitals and similar sites is discussed 
further in Chapter 88 . hlh this chapter emphasis will be placed 
on- the preparation of parenteral products from non-sterile 
components in the highly technologically advanced plants of 
the' pharmaceutical industry; using GMP principles.' In the 
pursuit of GMP, consideration should be given to : • ; 

: " i' s .. ,: ivr . f -. (■; '. ■ Of: -." *:. r: - ■< ': »\. ' ' 

1. Ensure the personnel responsible for assigned duties are capable 

and qualified to perform them 

. 2 . Ensure' that ingredients used in' compounding the product have the 
required identity; quality and purity. V f ■ ■' '* : 

3. Validate critical processes to be sure that the equipment iised and 
the processes followed will ensure that the finished product will have the 
qualities expected. ' ■ • - . -• * ; ' ' : * 

• ;4. Maintain a production environment suitable for performing the 
critical processes required, addressing such matters as orderliness, ; clean- 
liness and asepsis.; ti i : ; ; ■ - ! - \ 

5. i Confirm through adequate quality-control procedureSjthatithe fin 
ished products have; the required potency, r purity and quality. , 

6. Establish through appropriate stability evaluation that the, drug 
products will retain their intended potency, purity and quality until the 
established expiration date. 

7. Ensure that processes are always carried out in accord ; with estab-* 
lished, written procedures. 

8, , Provide adequate .conations: and procedures for JJie. prevention of 
mixups. .i- ,-. . ./ . .1 ." ' ' '.. =, t , 

9: Establish adequate procedures, supporting dociijfnehtetion, for 
investigating and correcting failures or problems in production or quality 
control /' ' 1 ? ^ - ' 

.' iO: ' Provide adequate separation of quality-control responsibilities frorirt 
those of production to assure'ihdependent decision making. " ' 

The pursuit of GMP is an ongoing effort which must flex with 
new technological development^ and new \ imderst^diiig of 
existing principles. Because pf the extreme, importance of 
quality in health care of the public, the US Cqngress has given 
the responsiblity of regulatory scrutiny over the manufacture 
and distribution -pf <^g prpductsjo the FDA.. Therefore, the 
operations of the pharmaceutical industry are subject tpjthe 
oversite of the FDA and, with respect to manufacturing prac- 
tices, to the application of . the CGMPs 4 These regulations 
are discussed more fully in Chapter 1 10. i '„ y ; • : 

In concert with the pursuit of GMPs, the pharmaceutical 
industry has shown initiative and innovation in: the extensive 
technological development and improvement in quality ^safety 
and effectiveness of parenteral dosage forms in recent years. 
Further, outstanding innovative development in drug-delivery 
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systems is occurring. These factors have been additive in 
providing the public with outstanding parenteral dosage forms 
of drugs at this time in history . 

General Manufacturing Process 

The preparation of a parenteral product may. be considered 
to encompass four general areas as follows: ' s 

1 . Procurement and selection b the components and containers; - 

2. Production facilities and procedures! 

3. Control of quality. 

4 . Packaging and labeling. 

These components of the product to be procured include 
vehicles, solutes, containers and closures. The steps consti- 



tuting production include mamtaining facilities and equip- 
ment, preparing and controlling the environment, cleaning 
the containers and equipment, preparing the product, filtering 
the solution, filling containers with the product, sealing the 
containers and sterilizing the product. The control of quality 
includes the evaluation of the Components, qualification of 
equipment, validation of processes, deternunation^ that the 
production has been executed within prescribed jequire- 
merits and performance of necessary evaluative, tests on the 
finished product. The final area of packagmg ind labeling 
includes all steps necessary to identify the fiiiisjhied prpd^ct 
and enclose it'ln such manner that it is safely and properly 
prepared for sale and delivery to the user. The remainder of 
this chapter will be organized in accord with these four gen- 
eral areas, with emphasis. on ^e first two areas. ' . ■ . , 



Components and Containers 



Establishing specifications to ensure the quality of each of 
the components of an injection is essential: These specifica- 
tions will be coordinated with the requirements of the specific 
formulation and will not necessarily be identical for a particu- 
lar component if used in several different formulations. For 
example, particle-size control may be necessary for powders 
used in fonnulating a suspension but be relatively unimpor- 
tant for preparing a solution. 

The most stringent chemical-purity requirements normally 
will be encountered with aqueous solutions, particularly if the 
product is to. be sterilized at an elevated temperature where 
reaction rates will be accelerated greatly. , Modification of 
aqueous vehicles to include a glycol, for example, usually will 
reduce reaction rates. ; Dry preparations pose relatively few 
reaction problems but may require definitive physical specifi- 
cations for ingredients that must have certain solution or 
dispersion characteristics when a vehicle is, added. 

Containers and closures are in prolonged, intimate contact 
with the product and may release substances i into or remove 
ingredients from the product. Assessment and. selection of 
containers and clpsures is a necessary part of product formu- 
lation to ensure that the product retains its purity, potency and 
quality during the intimate contact with the container through- 
out its shelf-life. Adrrunistration devices that come in con- 
tact with the product should be assessed and selected with the 
same care as are containers and closures, even 1 though the 
contact period is usually brief . \ ; ; . 

Vehicles - 

Since most liquid injections are quite dilute; the component 
present in the highest proportion is the vehicle. A vehicle 
normally has no therapeutic activity.. .ah^ is nontoxic. 
However, it is of great importance in the fbmiulation s\nce it 
presents to body tissues the form of the active constituent for 
absorption. Absorption normally occurs most rapidly and 
completely when a drug is presented as an aqueous solution. 
Modification of the vehicle with water-miscible kquids 6r sub- 
stitution with water-immiscible liquids normally decreases the 
rate of absorption. Absorption from a suspension may be 
affected by such factors as the viscosity of the vehicle, its 
capacity for wetting the solid particles, the solubility equilib- 
rium produced by the vehicle and the distribution coefficient 
between the vehicle and aqueous bddy systems: 

The vehicle of greatest importance for parenteral products 
is water. Water of suitable quality for compounding and 
rinsing product contact surfaces may be prepared either by 
distillation or by reverse osmosis, to meet USP specifications 
for Water for Injection (WFI). Only by these two methods is 
it possible to separate adequately various liquid^gas and solid 
contaminating substances from water. , These two methods 
for preparation of WFI will be> discussed in this Chapter. ' It 



should be noted that there is no unit operation moire important 
and none , more, costly to install and operate than . the one fc-r 
the preparation of WFI. 

Preparation of Water for Injection O^H) -.' .; j 

TThe spurce water can be expected to be contaminatefj w 
natural suspended mineral and origanic substances, dissolved 
mineral salts, i colloidal silicates and industrial .chemicals. 
The degree of containmation will vary with the source and will 
be markedly different whether obtained from a well or from 
surface sources, such, as a stream pr lake. Therefore, this 
water normally is not. of sufficient purify to. prepare WFl 
directly. Hence, the source water usually must be pretreatejfl 
by one or a combination of the following treatments: chemical 
softening, .filtration, deionization, carbon adsorption or re- 
verse osmosis purfficatipn. - Space does not permit discus- 
sion of these processes here, but the interested reader is 
referred elsewhere for this information. 5 ' 6 

In general, a conventional still consists of a boiler (eroporsj 
tor) containing feed water (distilland); a source of heat to 
vaporize the water in the evaporator; a headspace ajbovethe : 
level of alstiUand with (condensing ; surfaces for refluxirig fl^ 
vapor, thereby ^returrurig nohvolatfie ^purities to; the dis%j 
land, a means for elimuiating volatile impurities before the noj*; 
water vapor is condensed; and a condenser for. removing the' 
heat of vaporization, thereby converting the water vapor to ,| 
liquid distillate , lf ^W 

The specific construction features of a stiD and the proces| : 
specifications markedly will affect the qualify of distillate oj| :i 
tained from a still: Those required foi producing high-putft^; 
water, such as WFI, must be considerably more stringent thiwr 
those required for Purified Water USP Among the factgj| 
tliatm^ be considered are: ' ^.' f 9 

1 . The quality of the feed water will affect the quality of the distUlat^| 
Controlling the quality, of the feed water is essential for meeting it$k| 
required specifications for the distillate. • 

2. The size. of the evaporator will affect the efficiency. It sjiou 
large enough to provide, a low vapor velocity, thus reducing the end 
rhent of the distilland either as a film on vapor bubbles or as ^P^Tag 
droplets. \ f " 

3. The baffles (condensing surfaces) determine the effectiv ^ n€ %^| 
refluxing. . They should be designed to remove efficiently the entrainmeM 
at optimal vapor velocity, collecting and returning the heavier difcpleff 
contaminated with the distilland. \ . * ''^ 3 JE 

. 4. Redissolying volatUe .impurities in the distillate. reduces jts,purit> 
Therefore, they should, be sepamed efficienUy from the hot w^eryaflo 
and eliminated by aspirating them , to the, drain or venting theintojJj 
atmosphere.' " ..»\.. ., ■ > 

5 . ' ' Contamination of the vapbr and distillate from foe'met&'P— 
still can occur. ; Present standards for high-purity stills are that ^ K 
contacted by the vapor or distillate should be constructed of metal ^coaig 
with pure tin, 304 or 3 16 stainless steel or chemically res 4 -^ * Tl ! ^ " 



